directed to other surface antigens . The mechanism of the blocking effect is : understood, but it is evident that Phe P111 antibodies do not inhibit, but rather enhance binding of complement to the gonococcal surface (28) .
Using mAbs, additional gonococcal surface antigens have been delineated. Of crest is the so-called 148 antigen, first described by Cannon et a]. (29) , because it exists in all gonococci and meningococci examined, is absent in nonpathogenic Neisseria species, and the mAb mediates antibody/complementdependent bacteriolysis . This antigen is unusual because it stains poorly with the common stains used for visualization of proteins on SDS-PAGE (29, 30) . It is that the same antigen has also been observed by VirJi et al . (31) and by Zollinger et al. (32) . The chemical characterization by Strittmatter and Hitchcoc (33) indicating that the H8 antigen contains lipid and that it lacks aromati sulfur-containing amino acids may explain the odd staining behavior . Black and Cannon (34) have isolated a X phage clone reactive with the H8 mAb, and have found that it contains 12 and 2 kb Eco RI restriction enzyme fragments of gonococcal DNA . Southern hybridization data indicate pattern was observed i
Using the expression vector X gill (35, 36) we expresses gonococcal P111 and a number of clones When the H8-reactive clones were examined fur they were derived from three different gonococcal genes.
GOTSCHL Materials and Methods
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Glutardialdehyde-activated affinity absorbent, isopropy ids(IPTG),'polynucleotide kinase, Eco RI linkers, and some restriction enzymes were purchased from Boehringer Mannheim Biochemicals (Indianapolis, IN) ; additional restriction enzymes and T4 ligase were obtained from New England Biolabs (Beverly, MAO. Mung bean nuclease, CNBr-activated Sepharose, and Sephacryl 200 were obtained from Pharmacia Fine Chemicals (Piscataway, NJ). The enzymes were used according to the recommendations of the vendors. X phage packaging extracts were supplied by Vector Cloning Systems (San Diego, CA) . Affinity-purified goat antibody to mouse and rabbit immunoglobulins were obtained from Tago, Inc . (Burlingame, CA), and were conjugated to alkaline phosphatase (Sigma Chemical Co., St. Louis, MO) by the method of Avrameas et al. (37) . Nitrocellulose BA85 was obtained from Schleicher and nd all other reagents and chemicals were purchased from Schuell, Inc. (Keens, Sigma Chemical Co.
Preparation of X gtI I in 500 ml NZCYM m
The culture was'-ask. 2 h at 37'C, and the organisms were suspended in 10 ml of X dilution buffer (SM solutio Ag of cleoxyribonuclease were added, and the suspension debris was removed by centrifugation at 2,500 g, and the of SM solution and recentrifuged . This washing step was repeated from the pooled supernates were purified by sedimentation followed by flotation in solutions of CsCl (39) .
Preparation of Insert DNA. Genomic DNA was prepared from gonococcal strai by the method of Nakamura et A. OOY 500 M; of DNA was treated with Eco RI methylase . The DNA was sheared by sonication and then treated with mung bean nuclease to produce blunt ends. -30,ug of this DNA was fractionated by agarose gel electrophoresis, 1i strain Y 1089 lysogenized with X gt I I was grown o an OD of 0.800 at 550 nni in a 2.8 liter Fernbach open flame, and incubated for an additional ed by centrifugation . The cells were {88), 500 gl of chloroform and 100 in. The in 5 ml ge isolated s "
'Abbreviations used in this paper, IPTG,isopropyl-0-n-thiogalactopyranoside.
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and the fraction corresponding to 600-2,300 by was electroeluted . The material was ligated to Eco RI linkers that had been phosphorTlated using polynucleotide kinase (38) . After ligation, the DNA was subjected to extensive Eco RI digestion, and the small nucleotides were separated from the DNA by spermine precipitation (41), followed by chromatography over a 1 ml column of Sephacryl 200 .
Preparation of Phage Bank. 50 ng of insert and 2 wg of vector were ligated with T4 ligase for 18 h at 16°C in a 10 Al volume . 4 Al of the ligation mixture were added to a packaging mix and titered . The bank was amplified on three large petri dishes, and was estimated to be derived from 4.6 x 10 5 plaques, of which 54% contained inserts as judged by lack of ,Q-galactosidase activity .
Immunological Methods. mAb to PIII and H8 antigen were obtained from Drs . J . Swanson and P. Hitchcock, respectively (Rocky Mountain Laboratory, National Institutes of Health, Hamilton, MT). Gonococcal PI was purified as described by Blake and Gotschlich (42, 43) from strain 120176-2, and used to immunize a rabbit . The resultant serum was passed over an affinity column consisting of purified PI covalently linked to CNBr-activated Sepharose and eluted with 100 mM glycine HCl buffer, pH 2 .3, containing 0 .1% Triton X-100. Immunological screening was performed by allowing^r10 5 plaques to grow for 2 .5 h at 42°C, overlaying with a dry nitrocellulose filter previously impregnated with 10 mM IPTG, incubating for 2 h at 37°C, and washing the filter in blocking buffer (10 mM Tris HCl, pH 7 .5, containing 0 .5 M NaCl and 0 .5% Tween 20) three times for 10 min. The filters were incubated overnight with antiserum diluted in the blocking buffer, washed three times, incubated with alkaline phosphatase-conjugated antiimmunoglobulin for 2 h, washed three times with blocking buffer, washed once with 50 mM Trizma base with 3 mM MgC1 2, and then incubated with alkaline phosphatase substrate dissolved in the Trizma base buffer and incubated at 37°C (44) .
The phage from plaques identified by immunological activity were purified and used to infect strain Y 1089 to produce lysogens . These were induced for phage production by shifting incubation temperature to 44°C, and then induced with IPTG for antigen production, as described by Young and Davis (36) . SDS-PAGE was performed on cells lysed in the SDS-containing loading buffer (45) . Electrophoretic transfer to nitrocellulose or to Durapore membranes was performed according to the methods of Towbin (46) , and the Western blots were probed immunologically as described above (44), or using radioactive protein A (Amersham Corp., Arlington Heights, IL). A variation of the method of Weinberger et al . (47) was used to affinity purify antibodies from rabbit serum using the products of plaques fixed to nitrocellulose . Dense lawns of plaques (^-50,000) were grown on E. coli Y1090 at 42°C for 2 .5 h, overlaid with an IPTG-containing nitrocellulose filter, and incubated for 2 h at 37°C . The filter was washed with blocking buffer as described above, allowed to react with 50 u1 of serum diluted to 5 ml with blocking buffer for 4 h, washed three times with blocking buffer, and once with 150 mM NaCl . The antibodies were eluted with 5 ml of 150 mM glycine HCI, pH 2 .3, for 15 min. The eluate was promptly neutralized and used for Western blots.
DNA Hybridization Analysis. DNA hybridization analyses were performed according to the methods reviewed by Meinkoth and Wahl (48) , and stringent washing conditions were used (1 x SSC at 68'C) .
Results
The intent of this study was to clone the structural gene coding for PI of the gonococcus . The a gtI l bank was screened with a rabbit antiserum to P1, raised by injection with purified P1 ofgonococcal strain 120176-2 . The antibodies from this serum (2-914) were purified by affinity chromatography using PI bound to Sepharose, and were used to select 15 reactive plaques . Clones 37 and 38 were not studied further, since Eco RI digestion of the purified phages failed to release identifiable insert fragments, nor were there any immunologically active products seen in Western blots . The character of the plaques, the approximate size of the insert, and the M r of the reactive products seen by Western blots are listed in Table I . The gonococcal DNA inserts isolated from clones 32, 33, 35, and 39 by Eco RI digestion and preparative agarose gel electrophoresis were labeled by nick translation and used to probe Southern blots of the phage clones under stringent conditions (see Fig. 1 ) (48) . The results are summarized in Table I Hybridization analysis of DNA from strain R10 cut with various restriction enzymes indicated that each of the probes was derived from a distinct part of the genome (See Fig. 2 ). For instance, when one compares the hybridization pattern with Eco RI-digested genomic DNA, one finds that probe 32 reacted with a 400 by fragment, probe 35 with a 12 kb fragment, and probe 39 with a 6.5 kb fragment. To simplify the description of the clones other than clone 33, we will subsequently refer to three classes of clones, the 32, 35, and 39 classes, each containing two or more representatives, as indicated in Table I .
Cloning of the Structural Gene of PIII. As the clones giving rise to immunoreactive plaques were analyzed, it was found that one of them (clone 33) expressed a protein that increased in Mr from 30,000 to 31,000 upon reduction with 2-ME. Since this behavior is characteristic of gonococcal PIII (23) restriction enzyme . The numbers above the lanes refer to the number of the clone (see Table  1 The inserts used as probes were prepared as described in Fig. 1 . Gonococcal DNA (2 jug aliquots) was digested with the restriction enzymes indicated on the figure . The probes employed are indicated at the top of the figure .
affinity-purified antiserum used for the selection of clones was examined, it was found that it did contain detectable amounts of PIII antibodies . Evidence for the nature of the product produced by clone 33 was obtained by plating^-10 5 plaques and overlaying with an IPTG-soaked nitrocellulose filter . This filter was incubated with rabbit serum containing PI11 antibodies, washed, and the absorbed antibodies were eluted with acid as described above . Fig. 3 shows the reactivity FIGURE 3. Western blot of strain R10 gonococci whole cell lysates reacted with affinitypurified antibodies derived from a rabbit antiserum to partially purified PI . The antibodies were affinity purified by letting the serum react with a dense lawn of plaques of the desired clone, and after extensive washing, eluting the bound antibodies with acid (47). The figure summarizes three separate experiments . The strips marked C show the reaction obtained with a 1 :2,000 dilution of the antiserum . The strips marked 11 are the reactions obtained with antibodies eluted from plaques of a gt11 . The markings on the other strips refer to the number of the clone used to purify the antibody (see Table I of the antiserum and the eluted antibodies with an immunoblot of gonococcal proteins separated by SDS-PAGE . It is evident that the antibodies eluted from plaques of clone 33 are directed to gonococcal PIII, in contrast to those antibodies eluted from the X gtI I plaques or the other clones .
To obtain further proof that clone 33 produces PIII, we compared the products of the clone with gonococcal PIII in an immunoblot using a PIIIreactive mAb provided by Dr. J. Swanson. It can be seen in Fig. 4 that the antibody identifies a protein that changes its mobility in SDS-PAGE depending on whether the sample has been reduced, and that the cloned product has a mobility identical to gonococcal PIII . No immunological reactivity is seen with the proteins produced by a a gt 11 lysogen. The phage containing the PIII structural gene was purified and digested with Eco RI restriction enzyme. Agarose gel electrophoresis indicated that a 1,300 by insert was released . Thus, FIGURE 4. Comparison by immunoblot of the reactivity of gonococci and a lysogen of clone 33 with a PIII mAb. Alternate lanes had 2-ME (+) or no reducing agent (-) added to the sample preparation buffer . Lane C contains the lysate of a X gtI I lysogen; 33 is a lysogen of clone 33 ; GC is a lysate of gonococcus strain R10. Because of the lateral diffusion of the reducing agent into the lanes not containing 2-ME, the mobility of PIII is altered at the edges, but not in the center of the lanes. the fragment is of sufficient size to be able to contain the complete structural gene .
Clones Expressing the H8 Antigen. Nitrocellulose filters were overlaid onto dense lawns of plaques of clones 31, 32, 34, 35, 39, 42, 43 , and 45, and were then used to absorb antibodies from serum 2-914, which is the serum that had been used to prepare the PI antibodies used to screen the bank. The filters were washed, and the absorbed antibodies were eluted with acid and tested by Western blots (Fig. 3 ) for their reactivity with gonococcal whole cell lysates. We found that, in all instances, the eluates contained antibodies to two antigens at Mr 21,200 and 19,700 with the lower line typically quite diffuse. The character of the line and its M, suggested the possibility that the antibodies were recognizing H8 antigen. To test this hypothesis, the reactivity of an mAb directed against the H8 antigen was compared with the acid-eluted antibodies, and the results are shown in Fig. 5 . It can be seen (Fig. 5A ) that the mAb reacts with the Mr 19,700 product of clones 31 and 35, and with the Mr 21,200 product of clone 43 . While the photograph fails to show the reactivity of the fusion protein produced by clone 39, it was visible on the original autoradiograph . Fig. 5B shows that antibody eluted from clone 39 reacted strongly with clone 39 and 43, and crossreacted with clones 31 and 35 . Fig. 5 C shows the reverse result ; antibody eluted from clone 34 reacted with clones 31 and 35, crossreacted with clones 39 and 43, and also recognized the fusion protein produced by clone 32 . Fig. 5D shows that antibody eluted from clone 32 carrying the 400 by insert and producing a fusion protein reacted with this clone and crossreacted with both of the other classes of clones. The three affinity-purified antibodies reacted with two antigens in the gonococcal extract. Antibodies selected with clone 34 or 32 (Fig. 5, C and D) reacted better with the lower band, while antibodies selected with clone 39 (Mg. 513} reacted more avidly with the upper band. However, the mAb (Fig. 5A) only recognized the smaller of these two antigens . The antibody eluted from X gtI I did not bind to any of the products recognized by the other affinity-purified antibodies (Fig. 5E ).
Discussion
The X gt I I expression vector has proven to be very powerful in cloning eukaryotic genes from cDNA banks, but has been used infrequently for isolation of prokaryotic genes. Because of difficulties experienced in our laboratory in isolating the structural gene for PI in plasmids or cosmids, we decided to use X compassing random genomic DNA fragments of 600-obtained by established procedures using sonication to cleave DNA, mung bean nuclease to produce blunt ends, and Eco RI linkers to insert the fragments into X gt 11 . Screening with two different pools of mAbs directed to PI failed to find any reactive plaques (data not given) . However, screening with rabbit antiserum raised to purified PI readily identified reactive plaques. Although the affinity-purified antibody was primarily reactive with PI and had only slight reactivity with other gonococcal antigens, none of the clones selected produced PI, but clones expressing other antigens, namely PIII and H8 antigen, were selected, confirming the sensitivity and efficiency of this X expression system .
The evidence that the structural ge clone produces as a major product a protein which is identical in At to gonococcal PIII, that this pro plaques are able to product reacts with an mAb directẽ 1,300 bp, which is sufficient to code for When we analyzed the remainder of the clones and the DNA of strain R 10 by studies using the inserts of clones 32, 35, and 39 we found that from three distinct gonococcal insert or a fragment of this insert, proteins, were isolated five times. ridization analysis of gonococcal DNA indicated that this insert corregenomic Eco RI fragment, it is not surprising that it was ; it merely indicates that the protection by the Eco, RI the preparation of the insert was incomplete. Perhaps the inability to find PI-expressing clones . Immunological evidence icates that each of the three genes, in the context of the X expression vector, Th .e 35 class hybridizat the clones genes. Clones that contained a sped and which produced immunoreactive I has been isolated is that the cible shifts in At, that the PIII, and that the clone contains an insert of of PIII .
tends to appear as a broad band on Western blots. This material clearly reacts with H8 mAb. The clones 39 and 43 also react with the H8 mAb, and in the case of clone 43, a product of 21,200 At is observed . Clone 45 gave rise to the immunological product, but Eco RI enzyme digestion did not release an We assume that this clone contains a fragment of this gene, but that one RI restriction sites is lost. It can be seen in the several panels of Fig.  t clone 39 gives rise to an immunoreactive fusion protein, but also to a 87 8 CLONING OF GONOCOCCAL PIII AND H8 ANTIGENS product indistinguishable in mobility of that of clone 43 . We interpret these results to indicate that the fusion is occurring very early in the sequence of this antigen, perhaps in the signal sequence, thereby allowing a full-length processed oduct to appear. The evidence that the 400 by fragment is also a part ofa H8 gene is that the fusion product produced by these clones is capable of absorbing antibody that crossreacts with the products of the other H8 clones, as well as the H8 antigen in gonococci (Fig . 5D ) .
Black and Cannon (34) have obtained a X clone that expresses H8 antigen, and they have shown that this clone contains both 12 and 2 kb Eco RI restriction fragments. We believe that it is likely that the 35 class of clones isolated in this study corresponds to the previously cloned H8 antigen, since we find that, in strain RIO, it is derived from a 12 kb Eco RI fragment. The product produced by these clones is identical in mobility to the H8 antigen expressed by the parent strain of gonococcus . In addition, two other H8 antigen-related genes were found in this X expression bank . The gene represented by the 39 class of clones is actively expressed by strain R 10 of gonococcus . The evidence is that all of the affinity-purified antibodies did react with a gonococcal antigen, which had mobility (Mr of 21,200) identical to that of products produced by the 39 class of clones . This antigen is best seen with the antibody affinity-purified with clone 39. This antigen is also seen in strain 120176-2, which, in contrast to RIO, is an isolate expressing a IA type of PI (data not shown) . It is interesting that the mAb clearly reacts with clones 39 and 43, but fails to react with the analogous product expressed by the gonococcus. Since the reactive epitope is present in the 39 class of clones, it follows that in the analogous gonococcal product this epitope is lost or masked. The studies of Strittmatter and Hitchcock (33) showing that the H8 antigen contains lipid may be pertinent to this point . At this time little can be said about the activity of the gene from which the 32 class of clones is derived . The 32 class affinity-purified antibodies did not reveal additional H8-like antigens in the gonococcus . It is therefore not known whether this gene is actively expressed or is silent in the gonococcus . What is quite clear, however, is that the genetics and expression of the H8 antigen are more complex than had been previously realized.
Summary
A bank of gonococcal DNA was constructed in the a gt I I expression vector.
Immunological screening of the bank resulted in the isolation of a clone contains the structural gene of protein 111 . In addition, several clones reactive with mAbs specific for the H8 antigen were isolated . DNA hybridization studies revealed that these H8-reactive clones were derived from three different gonococcal genes. When the products produced by these clones were used to absorb antibodies from a rabbit antiserum, and the eluted antibodies were used in immunological studies, it could be shown that the parent gonococcus expressed the product of two of these H8 genes, and in strain RIO, these had Mr of^-19,700 21,200 respectively . The larger form has not been recognized hitherto because the epitope reactive with the H8 mAb may be masked in this product.
